Four-hundred seventy-five permanent residents of Wisconsin were tested for antibodies to the agent of human granulocytic ehrlichiosis (HGE) by indirect immunofluorescent antibody (IFA) testing with Ehrlichia equi as antigen marker. Each resident completed a standard survey questionnaire about outdoor activities, animal and tick exposure, and any febrile illness during the preceding 12 months. Seventy-one serum samples (14.9%) contained E. equi antibodies. The mean IFA titer for seropositive residents was 250 (range, 80 -10,240). Seropositive residents were older than seronegative ones (62 vs. 56 years; P Å .019). None of the seropositive residents had a history suggestive of ehrlichiosis. There was no association between the IFA test outcome and specific demographic variables or history of tick bites. HGE appears to be a common subclinical or mild infection among residents in northwestern Wisconsin.
Human granulocytic ehrlichiosis (HGE) is a recently recoginfected patients receive medical attention. To research this hypothesis further, we undertook an investigation (1) to deternized tick-borne illness [1 -3] . Confirmed clinical cases of HGE have been reported in the United States as well as Slovenia [4, mine the rate of seroprevalence of HGE among permanent residents in an eight-county area of northwestern Wisconsin 5] . Serological surveys suggest that HGE also occurs broadly across Europe, including the United Kingdom, Norway, Sweand (2) to examine some of the potential demographic variables that may place individuals at risk for acquiring HGE. den, and Switzerland [6 -9] . The clinical symptoms of HGE and the laboratory tools used to confirm the diagnosis have been described previously [1, 2, 4, 10 -14] . Most clinical cases Materials and Methods have been recognized in areas that also have high prevalence
Patient population. Year-round residents of northwestern rates for Lyme borreliosis, another tick-borne illness [1 -4, 14, Wisconsin who contacted their Saint Mary's Duluth Clinic 15] . Exposure to Ixodes scapularis ticks, the vector of Borrelia (SMDC) Health System physician for any health-related reason burgdorferi, through outdoor activities or employment places between 1 April 1994 and 31 January 1996 and needed to have individuals in the eastern and upper midwestern United States a blood sample taken were invited to participate in the study. at risk for contracting Lyme borreliosis [16 -18] and potentially Eligibility for inclusion was determined by the residential infection with the agent of HGE.
postal zipcode, and participating residents completed a standard Little is known or has been published about the prevalence questionnaire. The following information was requested from of illness or the factors that place individuals at risk for conthe study participants: date of birth, sex, residential postal ziptracting HGE in areas of endemicity [1, 4, 6, 7, 14, 15] . Average code, name initials, and the date of survey. Additional demo-HGE incidence rates in six northwestern Wisconsin counties graphic information included setting of employment (indoors have previously been estimated to range between 1.1 and 16.1 or outdoors), any history of tick exposure or recognized tick cases/100,000, but annual individual county incidence rates as bites during the preceding 12 months, species identity of tick(s) high as 58 cases/100,000 have been noted [4] . responsible for tick-bite(s) (if known), estimate of the amount We suspected that the majority of cases of HGE follow a of time spent outside during the snow-free seasons (greater or mild course or go unrecognized and only the more severely less than 2 hours for 3 days or more per week), ownership of dog, and contact with or ownership of horses. All participants were asked if they had a fever on the day ( figure 1 ). The three remaining residents lived in counties outside of a 70-mile radius from Spooner, Wisconsin. Serological testing. In order to establish the appropriate dilution of sera to be screened for HGE agent antibodies, sera
The demographic information obtained through the resident questionnaires is shown in table 1. Approximately one-half from 50 negative control subjects from urban Baltimore city and sera from six patients convalescent from blood-smear and of the residents had employment that predominantly involved outside work, and 203 patients (42.7%) spent 2 hours or more PCR-confirmed HGE were diluted serially from 1:10 through 1:80 and tested by the IFA method, with use of E. equioutside in wooded areas at least 3 days per week. Two-hundred sixteen residents (45.4%) recalled one or more tick bites during infected cells for antigen, as previously described [1] . Reactions were assessed for distribution, quantity, morphology, and the preceding 12 months. One-hundred twenty-one (56.0%) of these residents reported that they had been bitten by a tick intensity of fluorescent staining. On the basis of results of this pilot study, all subsequent serological evaluations involved the believed to be a ''deer tick'' (black-legged tick; I. scapularis), 26 (12%) had been bitten by a tick believed to be a ''wood screening of sera initially diluted 1:80.
A single serum sample was collected from each study particitick'' (American dog tick; Dermacentor variabilis), 34 (15.7%) reported bites by several ticks resembling both species, and 35 pant, and all serum samples were stored at 070ЊC until the time of analysis. All samples were analyzed within 6 months (16.2%) were unable to identify the tick species. One-half of the cohort (238 of 475; 50.1%) owned dogs. Only 49 residents from the time of collection. Serological testing was performed by the IFA method as described previously [1] . Ehrlichia chaf-(10.3%) owned a horse or reported frequent exposure to horses. Ninety-three residents (19.5%) recalled fever (temperature feensis (Arkansas strain) -infected DH82 cells and E. equi (MRK strain) -infected horse neutrophils or E. equi (MRK of 101.5ЊF or higher) during the preceding 12 months, and headache or severe generalized myalgias had been noted by strain) -infected HL60 cells were used as marker antigens.
All samples tested for E. equi antibodies were examined by 76 (81.7%) and 79 (85.0%) of these residents, respectively. An antibiotic drug had been prescribed for 36 (38.7%) of the febrile the same two investigators in Baltimore (K.A. and J.W.) and Duluth (J.K. and S.M.) to ensure outcomes correspondence.
residents, and drug selections included a penicillin (8 patients), a cephalosporin (3), a macrolide (4), doxycycline (1), or an The samples tested for E. chaffeensis antibodies were examined in Baltimore only. The antibody titer of serum immunoglobuunknown antibiotic (20) . Eleven residents had fever on the day of their survey. lins (IgG, IgA, and IgM) reactive with these antigens was determined, and the titer value was recorded as the reciprocal Screening dilution for IFA testing. Dilutions of 50 negative control sera yielded fluorescence that could be misinterpreted of the highest serum dilution that had detectable antibodies. An antibody titer of 80 or higher was considered positive [1, as positive in 17 sera (34%) IFA titer values to increase with age (geometric mean IFA titer for residents õ35 years was 106, vs. 301 for residents ú75 individuals older than 75 years. Thus, residents older than 75 years were three times more likely to be seropositive than the years), but the differences were not statistically significant (P Å .096). cohort younger than 35 years (RR, 0.32; P Å .043). Even though females were overrepresented in this investigation, there Three of the 475 serum samples reacted with E. chaffeensis. The E. equi IFA titers for two of these residents (1,280 and 320, was only a marginal increase in the seroprevalence rate (from 14.9% to 15.1%) when the sex ratio was adjusted to the regionrespectively) were equal to or higher than the corresponding E. chaffeensis IFA titers (640 and 320, respectively). The third specific demographic mix.
The geometric mean E. equi IFA titer was 250 (SD, 123) resident's serum reacted with E. chaffeensis but not with E. equi. for the seropositive residents, and serum antibody titers ranged HGE is a nonspecific febrile tick-borne illness that occurs 640 7 (1.5) 1,280 2 (0. 4) predominantly during the summer months [4] . We have pre- toms [4] . Peak antibody titers have been noted after 4 weeks, and preliminary observations have suggested that approximately one-half of infected patients maintain serum IFA antibody titers §80 for 18 months or longer [4, 19] . A few patients The distribution and relative proportions of residents who from our institution have remained seropositive for as long as had positive E. equi IFA titers varied with county of residence 42 months [19] . (table 3 ). The majority (85.9%) of the seropositive residents Seventy-one (14.9%) of the 475 Wisconsin residents in this lived in Sawyer County (32 positives) and Washburn County investigation had serum antibodies that reacted with E. equi. (29 positives). However, the percentage of positive E. equi IFA This prevalence rate was higher than we had anticipated, as titer values was highest among residents who lived in Bayfield previously estimated incidence rates of clinical disease were County (25.0%), Burnett County (24.2%), and Rusk County 16/100,000 population for the same geographic region [4] . Only (28.6%).
eight of the seropositive residents in this investigation were In none of the 71 IFA-positive residents had HGE been able to recall a febrile illness during the 12 months preceding previously diagnosed. Furthermore, only eight seropositive resthe survey, and none of the eight patients received a tetracycline idents (11.3%) recalled having had fever during the preceding class drug. None of the seropositive patients had previously 12 months, and none of the seropositive residents had fever on had HGE. The low case-infection ratio observed in this study the day of the survey. Four seropositive residents with a history suggests that HGE frequently is a mild or even subclinical of fever had received an antibiotic other than a tetracycline infection that in many patients remains undiagnosed and redrug. Univariate analysis of risk factors associated with risk solves uneventfully without antibiotic therapy. for exposure to the agent of HGE disclosed a slightly increased When the seropositive residents were compared to the serorisk among residents who had employment predominantly in negative residents, we were unable to detect any increased risk an outdoor setting, spent time in wooded areas, had exposure to horses, or had no fever on the day of the survey (table  1) . In contrast, there was a slightly decreased risk among the for prior exposure to the human granulocytic Ehrlichia agent Prior specificity studies have indicated that only E. chaffeensis causes significant serological cross-reactions to the on the basis of differences in history of exposure to ticks or behavioral and employment characteristics among the resi-HGE agent [10, 26 -28] . However, human monocytic ehrlichiosis (HME) was excluded by specific serological tests dents. Frequent exposure to horses (more than once weekly) was associated with a slightly increased risk for prior exposure, against E. chaffeensis in this investigation. Although HGE has been associated with concurrent serological evidence for Lyme whereas owning a dog was slightly protective (table 1) . However, these differences were not statistically significant.
borreliosis, Borrelia burgdorferi has never been shown to elicit antibodies that cause a false-positive IFA response to the HGE Most of the residents lived in Washburn or Sawyer County, and the highest number of positive serum samples was found agent. Therefore, an IFA titer of §80 must be considered a significant finding in the majority of instances. among residents of these counties (table 3) . This was to be expected, since SMDC Health System owns and operates the Analysis of 50 negative control sera nevertheless represents but a limited analysis, and further investigations are needed to largest medical clinics in the principal towns (Spooner, in Washburn County, and Hayward, in Sawyer County). Although compare the seroprevalence rates reported in this study to those for a larger reference population to determine whether the curconsiderably fewer serum samples were collected from residents of Bayfield, Burnett, Douglas, and Rusk counties, the rent IFA antibody titer cutoff value of §80 is appropriate for optimal sensitivity and specificity. relative proportions of positive serum samples from residents of these counties were high. These findings suggest that the areas in which HGE is endemic encompass all these counties. This is not surprising, since high densities of I. scapularis ticks
